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AESTRiiCT 


Subcooling  liquid  refrigerant  in  a  vapcr  ccnpression  refrigeration 
cycle  increases  the  systen  capacity.  The  purpose  of  this  thesis  is  to 
relate  theoretical  and  experimental  periornsance  characteristics  to  one 
loethcd  of  subcooling  Refrigerant  12,  the  use  of  a  liquid-vapor  heat 
exchanger. 

Theoretical  and  experimental  values  of  syster.  coefficient  of  perfom- 
ance  and  horsepower  per  ton  are  found  at  various  evaporating  press  w*.x*6s  zor 
a  system  with  and  without  a  iiq  •ic-vapcr  heat  exnhan^er.  The  theoretical 
perfonnance  of  a  system  ritn  an  evaporati'ng  pressure  of  2S  psia  and  a  con¬ 
densing  pressure  of  110  psia  is  found  for  variations  i..  heat  exchanger 
effectiveness  between  C  and  1. 

Theoretically  a  liqxiid-vapor  heat  exchanger  has  a  negligible  effect 
on  system  coefficient  of  performance  and  horsepower  per  ton.  txperiraents 
on  a  system  with  a  relatively  short  suction  line  showed  that  the  use  of  a 
liqnid-Tapor  heat  exchanger  does  not  increase  the  system  performance 
enough  to  warra-.t  its  installation  in  a  system  for  tiiis  reason.  The  sys¬ 
tem  capacity  is  increased  by  installing  a  liquid-vapor  heat  exchanger. 

Any  future  work  do..e  with  liquid-vapor  heat  exchangers  for  the  ■ourpose 
of  increasing  performance  in  Refrigerant  12  systems  should  be  United  to 
systems  with  long  suction  lines. 


I.  iirrHOEjcrivjN 


Subcooling  liq’Jid  refrigerarit  before  the  expansiori  valve  in  a  vapor 
compression  refrigeration  cycle  increase s  the  evaporator  caoacit;/  for  a 
given  evaporating  press’ore.  If  the  vapor  refrigerant  leaving  the  evapo¬ 
rator  is  heated  before  it  enters  the  compressor,  the  volione  of  the  vapor 
is  increased  and  laore  work  is  req-oired  to  conprers  the  vapor  to  a  given 
pressure.  «hen  liquid  refrigerant  is  cubcooleo  in  a  licnid-vapor  heat 
exchanger  (heat  exchanger  between  the  liqnic  and  va-^or  refrigerant),  both 
of  these  effects  occur.  One  purpose  of  this  thesis  is  tc  theoretically/ 
predict  the  changes  in  spsten  performance  that  occur  wh*.:;  a  liq  id-vapor 
heat  exchanger  is  used  to  subcool  liquid  Refrigerant  12.  The  theoretical 
performance  of  tiie  system  v/ith  a  liquid— vapor  heat  exchanger  is  conoared 
mith  the  perfonaance  of  the  system  withoat  a  heat  exchaPiger.  This  com¬ 
parison  is  made  over  a  range  of  operating  conditions. 

In  an  actual  system  under  standard  operating  conditions  energy  losses 
occur  in  the  laotor,  compressor,  evap.^rator,  and  piping.  These  losses  de¬ 
crease  the  system  performance  below  the  t.heoretical  predictions,  under 
average  conditions  with  the  piping  e^roosed  to  room  air  tl'ie  vapor  refrig¬ 
erant  in  the  suction  line  will  gain  heat  from  the  atiao sphere.  This  heat 
;■  flow  increases  the  specific  volttme  of  the  refrigerant  before  compression 
:  end  decreases  the  system  perfonaance.  If  an  equivalent  heat  flow  to  the 
i  wapor  refidgerant  in  the  suction  line  can  be  taicen  from  the  liquid  re- 
b'^rigerant  leaving  the  condenser  rather  than  from  the  aiibient  air,  the 


iidixid  refrigerant  can  be  subcooled  without  ^2''  S’dded  loss  in  perfonnance. 
The  increase:  in  performance  due  to  subcooling  ti’.e  liq.iid  in  a  liquid-yai»r 
hea.t  Wchanger  iq  magrdtude  of  the  heat  flow  to  the 

suction  line  when  a  heat  exchanger  is  not  used.  If  the  ambient  air  ‘tern-  , 
peratWe  is  high  or  the  heat  transfer  surface  of  the  suction  line  is  large 
the  increase  in  performance  that  can  be  o stained  vd.tn  a  heat  exchanger  may 
warrant  its  installation. 

purpose  of  this  thesis  is  to  compare  the  actual  performance 
of  a  Refrigerant  12  system  with  a  liquid-vapor  heat  exchanger  and  vath  no 
heat  exchanger.  This  comparison  is  mace  ovtr  a  range  o:  operating  condi¬ 
tions  using  Refrigerant  12  in  the  s-rstem.  These  experimental  results  are 
also  compared  with  the  theoretical  calciaations  for  the  same  conditions. 


^  ^ ■  II.'TKEWEETICAL 

calcxilatibns  were  made  for  a  Reirigerany  12  corapressio 
-cycle;  Tdth  a exchanger.  A  co unterf low  heat  exchanger,, 
was- assumed' for:these'^  maxinum  amount  of  heat  . 

tranSer^;xs/^ssibl^  type:  of  heat  exchanger  .  .  The;  average  ,  spe-  ^ 

cific  &  vapor  is  less  than  that  of  tne  refrigerant  12 

liquid.  Therefore  the  heat  exchanger  effectiveness  for  tnis  case  is  de 


fined  as: 


VO  VI 


"lo  "  "li 


;^en  the  effectiveness  is  1,  the  temperature  of  the  vapor  out  of  the  heat 
■exchanger  (t^^)  equals  the  temperature  of  the  liquid  entering  the  heat 
exchanger  (t^^)  and  the  maximum  heat  transfer  occurs. 

The  coefficient  of  performance  (X?)  and  horsepower  per  "ton  (— ) 

•were  calculated  for  the  cycle  vhiile  the  heat  exchanger  effectiveness  (€)h 
was  varied  between  0  and  1.  Figure  I  is  a  plot  of  coefficient  ofperform- 
:.ance  versus  temperature  of  liquid  leaving  the  heat  exchanger  (t^^).  Tne 
:.plot  shows,  that  iihe  maxte  possible  increase  in  CO?  is  about  2  per  cenu. 
Figure  2  is  a  plot  of  ^  versus  t^^.  The  maxiin-u.m  decrease  in  is  also 

■.'•about  2  per  cent. 

For  all  practical  purposes  the  theoretical  coefficient  of  performance 
and  horsepower  per  t-on  for  a  cycle  operating  between  these  pressures  is 
approxijnately  constant.  Tnis  is  also  sh-svn  to  be  true  for  cth.r  evaporat- 
ii^  press-ures.  'Further  theoretical  calculat.tons  were  mace  using  expen- 
'  mentally  determined  values  for  evaporating  pressure,  condensing  pressure, 

'  .and  heat  exchanger  e  These  res'olLs  are  shown  in  .ignire  14, 

t  a:’ plot  of  coefficient  of  performance  versur:  evaporating  press-ore  .for  cycles 

'.'"with  and  without. a  liquid-vapor  heat  exchanger.  All  the  points  in  this  , 


^  V'-  ^r •-:■ ;  ^-'i::  ■  -  -V- ; 


'^ip-^  do  not  lie-  on  tvro  smooth  curves  because  the  condensing  pressure  /aries 
'  betsreen  lOP  psia  and  121  psia.  The  important  thing  is  that  the  theoretical 
'  a  cycle  with  a  heat  exchanger  as  it  is 

|■■^^;■ro^ .  a,  cycle  operating  between  the  same  pressures  v.t.thout  a  heat  exchanger. 

Theoretical  calculations  are  shovvii  in  Appendix  A  v/ith  the  correspond- 
fc  “these  ca-lculs-uxons * 


III.  EIPEETiil.TAL  APPROACH  A.X  PROGELJ?£ 


The  purpose  of  aaking  experimental  runs  was  to  obtain  actual  system 
characteristics  to  compare  with  theoretical  results  anc  to  compare  actual 
system  characteristics  with  and  v;ithout  a  iiquicl-vapor  heat  exchanger - 

Two  different  sets  cf  r  UiS  '.vere  cade.  The  first  ?  runs  were  nace 
with  the  liquid-vapor  hea^  exchan^  cr  in  the  system.  Then  5  rvjis  wert.  made 
without  the  heat  exchanger.  The  first  set  of  runs  was  made  with  t-.t  heat 
exchanger  so  the  pressure  drop  across  the-  heat  exchanger  in  tilt  suction 
line  could  be  measured.  V.heri  the  heat  exchanger  v.as  removed,  ar.  ecsui valent 
length  of  piping  was  instalLled  to  provide  aii  ccial  pressure  dr  -p  between 
the  same  two  points  in  the  sucticn  line.  The  s:.-stem  characteristics  are 
then  compared  for  approximately  the  same  pressure  crops  in  the  suction 
line  with  and  without  the  heat  exchatifer. 

In  all  experimental  runs  a  York  Condensing  Unit  and  a  primary  refrig¬ 
erant  calopimetc-r  were  used.  The  heat  exchanger  usee  in  the  first  9  runs 
was  a  single  pass  counter  flow  exchanger-  !Iineral  wool  blanket  insulation 
was  used  to  insulate  the  heat  exchanger  and  all  piping  except  the  liouid 
line  to  the  heat  exchanger  for  the  first  9  Tiins.  This  insulation  was.  ap¬ 
proximately  one  inch  thick  and  was  covered*  with  alumi  .urn  foil  to  minimize 
heat  transfer  to  and  from  the  surroundings.  Tne  use  of  insulation  itroroves 
the  effectiveness  of  the  heat  exchanr-.r  and  the  accuracy  of  the  heat  exchcin- 
ger  effectiveness  calculations. 

A  complete  description  of  all  equipment  used  is  listed  in  Appendix  Bl. 

A  schematic  diagram  of  the  apparatus  w.-  th  the  liouic -vapor  heat  exchanger 

is  shown  in  Figure  3.  The  locations  of  all  the  data  points  are  shovT.  with 

their  corresponding  symbols.  A  photograph  cf  the  apparatus  as  it  v;as  set 
* 

for  the  first  9  runs  is  s’lcwn  in  figure  I4.  Figure  >  is  a  photo  raph 
of  the  insulated  heat  exchanger  shewing  the  locrtion  of  the  pressure  taus 
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and  tJae  tubing  leading  to  a  mercur;/  aanometer. 

The  heat  exchanger  and  all  the  insulation  vrere  removed  for  tne  last 
5  mns.  An  equivalent  length  of  12.5  feet  of  5/S  inch  0.0.  refrireratlorx 
tubing  vas  installed  between  the  two  pressure  taps.  The  piping  was  >:ot 
insulated  for  these  runs  in  an  attempt  to  approach  normal  operatin.^  con¬ 
ditions.  Other  than  the  extra  length  of  suction  line  and  the  lac.:  c:  in- 
sulation^  the  a{5)aratus  was  the  sane  for  the  second  set  of  runs. 

All  runs  were  made  after  the  equipment  had  been  operating  for  one  or 
moire  hours  to  reach  stea<^  state  conditions.  Vfnen  the  equipment  reached 
stea<fy  state,  data  points  were  taken  every  fire  minutes  for  IS  minutes. 

The  ten  readings  were  then  averarec  before  corr-.  ctlons  and  calculations 
were  made.  5y  talring  an  average  c:  ten  reacine;?.  errors  due  to  snail 
fluctuations  in  data  and  the  takin';  of  fata  wens  reduced. 

All  temperatures  were  measured  with  ccpp.rr  consauitan  theraoccuoles 
inserted  in  glands  which  were  located  in  the  fluid  flow.  Temperature  cor¬ 
rections  were  made  using  a  standard  calibration  curve.  All  pressures  ex¬ 
cept  the  bartMaetric  pressure  and  the  pressure  crop  across  the  heat  ex¬ 
changer  were  measured  with  oourdon  gages.  All  pressure  pages  were 
calibrated  before  any  eaperimental  runs  were  made  and  corrections  were 
Bade  during  these  calibrations.  The  pressure  drop  across  the  heat 
exdianger  or  equivalent  length  of  piping  was  measured  with  a  mercury 
Banoneter.  The  electrical  input  to  the  calorimeter  and  motor  were 
Beasured  with  wattmeters  and  corrected  with  calibration  cunres. 

The  tabxaated  average  data  for  all  runs  is  shown  in  Table  I,  Appendix  C. 

To  c<Mi?)are  the  characteristics  under  di.fferent  operating  cond;  tions, 
the  actual  COP,  and  evaporator  capacity  were  calculated  for  each  run. 

The  heat  exchanger  effectiveness  is  calculated  for  each  run  were  it  was 
teed.  In  calculating  the  00? ,  and  evaporator  capacity,  the  heat 


:ui'o  .  I:ir;.ilated  l.i.qv.id-vapor  hoa*;.  c;<char;per  i:uvba;Llr<i 


transfer  to  the  evaporator  from  the  surroiandings  is  assmiied  to  be  nogligibie 
■^compared  to  the  electrical  input.  This  is  a  good  assumption,  especially  •, 

when : the  evaporating  temperature  is 'relat:.vely  high. 

•  After  calculations  were  made  for  the  actual  performance,  the  experi¬ 
mental,  heat  exchanger  effectiveness  ivas  used  to  make  theoretical  calcula¬ 
tions  of  COP  and  for  a  svstem  one  rating  between  tnc  same  evaporating 
ton 

..and  condensing  pressures. 

■  For  the  second  set  of  r-uns  vathout  the  heat  exchanger,  the  equivalent 
■  length  of  niping  to  be  installed  was  caiculateo.  irom  uCiB  equation  j.or 


pressure  drop  in  a  pipe : 


0.0121  iLvrv 


the  equivalent  length  of  piping  (L)  was  determined.  The  average  L  for  a 

number  of  calculations  v/as  12. o  feet. 

Similar  experimental  and  theoretical  calculations  -.vere  made  for  the 
second  set  of  runs  with'..;ut  the  heat  exchanger.  The  theoretical  calc-olations 
with  no  heat  exchan'ier  are  the  same  as  tnose  "ivioh  a  neaL>  exchanger  oherc 


€  r  0. 


Details  of  the  calculations  are  shovfn  in  Appendix  D. 
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IV.  RESuXTS  MB  DISCiiSSION  O?  RESULTS 
Figure  1  shoT/s  the  theoretical  increase  in  OOP  that  is  possxbie 
a  heat  exchanger  In  a  Kefrigerant  12  cycle  operating  between  26  psia 
andliopsla.  Figure  2  is  a  saJlar  plot  showing  the  effect  of  the  liquid- 

V  ^  Tn  bot^i  cases  the  maximum  possible  increase 

vapor  heat  exchanger  on  in  case ^  i. 

ir.  -  o>.raM+  0  npr  rent  Similar  results  are  shoivn  for  other 

in  performance  xs  aoout  V- per  ce.io. 

evaporating  pressures  in  higure  lu.  If  operating  conditions  were  apprcxi- 
laateiy  ideal  and  the  C»P  and  wore  the-  Kost  important  characteristics 

of  the  system,  the  use  of  a  liquid-vapor  heat  exchanger  in  the  system 
wo-ald  not  be  warranted,  me  increase  in  performance  gained  by  subcooling 
htte  -Uqad  Refrigerant  12  is  not  large  eno-ugh  to  overcome  the  decrease  in 
-performance  due  to  heating  the  vapor  before  the  co.mpressor  and  still  cause 
an  appreciable  change  on  sysiem 

cop  and  ^  do  not  change  appreciably  when  a  heat 

exchanger  is  used,  the  evaporator  capacity  will  increase,  if  a  given  eva- 
'  hnd  the  tonnane  of  the  system  has  to  be  increased, 

it  might  be  possible  to  do  so  by  adding  a  liquid-vapor  rather  taa-n  in- 

-  stalling  a  larger  evaporator- 

.  The  experimental  and  theoretical  CO.*-  for  a  system  with  a  liquid-vapor 
heat  exchanger  are  plotted  versus  evaporating  pressure  (pg)  in  tigure  ^ 

All  the  theoretical  points  do  not  lie  on  a  smooth  cur-.-e  because  the  co.n- 
densing  pressure  (p^)  varies  between  110  psia  and  121  psia  .  Tte  experi- 
;  mental  curve  follows  the  same  trend  as  the  th.uoretical  c-urve  but  the 
deviation  between  the  two  is  greater  at  h.-.gn-.r  .aaues  Oi  p^.  ihis 

:  reasonable  because  the  refrigerant  flow  is  greater  at  higher  val-ues  of  p^. 

.  Consequently  the  pressure  drops  in  the  system  are  larger,  oauswnt,  a  greater 

^ decrease  . in"C0P.  /\' 

-  Figure  7  is  a  plot  of  theoretical  and 


Ar' ■  „  r V-‘ 'i-K-- ‘ -  W ' ;  i;--  ? 
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tbe  ^stem  with  the  liquid-vapor  heat  exchanger.  Both  curves  have  the  same 

ti«nd  with  the  ejqperiraental  being  at  least  tv.j.ce  as  great  as  the  cor- 

'i^soonding  theoretical  value.  Tne  deviation  betv/een  the  two  j.s  £,reate_  ao 
lower  values  oi -p- .  For  lower  values  of  p£  the  specific  volume  of  the  re  ¬ 
frigerant  is  greater,  and  changes  in  specific  volume  are  greater  for  a  given 
p  .  The  specific  volume  of  the  refrigerant  aifects  the  acoUc-x  wurk  Oj. 
compression  and  the  efficiency  of  the  compressor.  Tne  effect  oc  speci_ic 
vol-ume  is  greater  at  lov.er  values  of  pj-i  therefore,  the  effect  on  the 
required  is  greater. 

Heat  exchanger  effectiveness  is  plottec  versus  evapor'xi/ini^  pressure 
in  Figure  8.  Theoretically  £  is  a  function  of  heat  exchanger  geometrZ''  only. 
The  eoroeriniental  plot  of  €  versus  p,,  shows  that  e  decreases  as  p^  increases. 
As  pg  increases  the  mean  temperature  diffc-rence  between  the  tv/o  fluids  in 
the  heat  exchanger  decreases.  Tne  mass  flow  rate  oi  the  rexrigerani/ 
throtigh  the  heat  exchanger  increases  2-s  pg  increases.  The  actual  heat 
exchanger  sffectiveness  €  is  dependent  on  the  mean  temperature  difference 
-Sud/or  the  mass  flow  rate  oi  the  fluids.  The  heat  loss  xrom  ohe  heat  ex¬ 
changer  to  the  ambient  air  decreases  as  tiue  hes.t  exchanger  exfecoivencss 
iricreases.  If  no  heat  losses  occurred,  the  variation  of  e  vrauld  be  smaller 
for  the  same  variation  of  p~p- 

:  T^  experimental  plot  deviate  considerably  frem  the  curve 

figure.  'Ihe  high  value  of  £  z  0-519  was  obtained  when  the  heat  lass 
from  the  heat  exchanger  was  unusually  lo...  ihe  v’'alue  ox  €  —  0.179,  v.nen 
—  59-22  psia,  was  obtained  during  a  run  when  the  s^'stem  was  not  q'oite 

at  a  steady  state  condition.  The  temperature  of  the  vapor  in  the  boat  ex- 
■  changer  varied  over  h°  F  during  the  run .  The se  two  experimental  values  are 

kndwn  to  be  in  error}  t^^  carv’e. 

is  a  plot  of  theoretical  and  c:cperinfintai  00?  for  the  system 
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I'rttl^threitra  suotioi.  line  and  no  heat  exchanger.  The  curves  follow  the  ^ 


trenis  as  the  ends  for  the  s/sten  ^th^the  liquid-vapor  heat  exchanger. 


"  ■She  deviation  is  again  greater  at  higher  values  of  p-  because  of  : 


pressure  drops . 


system  mthout  the  heat  exchanger  is  plotted  versus  Pg  , 
'  .ton  ^  0.  _ „  ' 


■  ,  -  J. 

^  4-1^::^  c-vc-ten  vrf.'tb O ut  ‘fc-' l€:  nSS:o  GX“ 

in  Figure  10.  The  trenas  are  o.nc  Srurre  t..^ 


changer  as  they  are  for  the  system  vfith  the  heat  exchange 


.  j- >1  >1 /:>  2  c  "bnG  Gx^r^i  sue 

The  actual  pressure  crep  across  on..  ..eao 


^  X  i-rr  .=.-0+  "Ptc;  of  runs  -letted  versus  evaporating  pressure 
line  for  the  two  different  .^ets  oj.  rx.s  -h-  .  ■ 


in  Figure  11.  The  across  the  extra  suction  line  is  -  arger  ohan  %ae  ^py 


across  the  heat  exchanger  for  the  same  evapcraoing  pres-s ore.  ihxs  aev  ation 


-  x-  --pc  •u-.tr-talied  for  the  extra  suction 

shows  that  the  wrong  lengtn  o.i  txbiiir^  ..a-  .-u..ociii-o 


line.  This  error  in  installing  the  wrong  length  of  pipe  is  due  to -unac¬ 


counted  pressure  losses  in  the  fittings.  An  equivalent  length  of  pipe  was 


determined'  for  each  fitting  b.it  the  results  were  not  accurate.  The  maxi- 


:  mum  deviation  between  the  t./o  cur/es  is  approxonately  0.2  psi .  This 


deviation  is  not  large  enough  to  cau.se  any  considerable  error  in  comparing 


the  experimental  results  fer  the  two  sets  o.f  runs . 


The  actual  GO?  for  the  two  different  sets  of  runs  is  plotted  versus 


1:  ta  Figure  12.  Ibr  aiv  the  syrtec  CO?  is  -hleher  uhen  the  liquid- 

*  ■  ;  vapor  heat  exchauger  is  ih  the  systev.  The  absolute  increase  in  perform- 


'.'aiice  is  about  the  sane  for  any  jx,  but  the  percentage  increase  xn  COP 


decreases  as  )>£  increases. 


A  similar  plot  comparing  ^  for  the  tto  sets  of  :p^s  is  *ovm  in 


Figure:  i3-  Theu^  fd?  the  la  loner  for 

/  ^  deviation  betnoen  thopurves  inoroascs  at  loner  values  of 


becaiisS  Of  the  xncreatog  hffeh  df  speoin 


^Figure  111  is  a  plot  of  theoretpa  COP  yrersus  pg  for  the  system  runs 


m 


with  and  vdthout  the  heat  exchanger.,^  points  do  not  Ixe  on  snoot 
curves  because  of  variations  in  condensing  pressure.  The  pict  snov/s  that 
the  d^  theoretical  perfornance  for  e/stens  vith  anc  v;:.tnout^  the 

iiquid-vapor  hsau  exchanger  is  negligible. 

fell  tabulated  results  arc  shovm  in  Table  2,  Appendix  E. 


o 


/ 1;. ;  V  .  V.  '  COKCLUSIOliS 

;  From  the  calcuOstions,  and  FLcures  1,  2,  and  lU,  at  xs  obvioa.  tnct 

installing  a  heat  exchanger  for  tne  purpose  ox  xnc.Ga^_n6,.  -  .  , 

(X)p'is  ndtv^orthvrhile  from  a  theoretical  rtandooint.  Tneoretxcally  one 

n^'^'Scire  the  c2^"3S.c'i.ty  oi  2.  given 

use  of  a  liquid-vapor  neau  ex. -nc-.u^ex  — 

evaporator  at  a  given  ev'ayoratxnj^  yr5-.^-..u-* 

,  .  .  Tv-tr-  VI  nents.1  VeiJ-ues 

Tor  the  laboratory/  sycter:  vraxen.  b 

^  -u  +  }ih~'  o"  the  theoretical  .values . 

of.  system  CO?.. were  Detv/een  20;b  ■  ana  upp 

T  w  V  +;-  c-c-i-c  vri th  and  v.xtnout  the  lic^ixd— 

range  of  values  holes  xor  Doth  se.s  .>xx  r.-...,  .•_.n  ^ 

:  vapor  heat -exchanger.  Eimil.rly  the  experimental  .aiucs  cf.  system  ^  for 
the  systei  texted  wore  bet,.een  200S  a.ec  hJOS  of  the  theoretical  values. 


Tne  maooimum  experi'iental  sy 


-tern  CO?  that  can  be  obtainec.  vn-. 


un  tax  .a  j.<>u 


bora- 


. _ ..  r'o''  O'"  th<-‘  theoretical  value 

tor:r  Refrigera-nt  12  s:;rsoem  xs  n 


The  actual  system  COP  devioato: 


;.;-.ivtical  .'go?  more  at  higher 


evaoorating  pr 


■cs  Tfeile  toe  actual  -pt-u.-.  ^  deviates  iron  the  theo- 


retical  .vore  a  I  lovrc 


evan.orating  pr e  ss ure  .e 


The  actual  licuid-vapor  heel 


e::chan'..'er  if fectiver.ess  decreases  as 


s,ean  tespcraturc  differehoe  of  the  teo  i-l-uids  oecroaoes  and  the  flor  rate 
inerGases.',  Thecrctically  the  heat  exchanger  efiectxveness  xs  a  x’uncoxon 

of -geometry  only. 

For  an  operatin,-  s/sten  oontainir.s  hofrigerant  12  v.ith  a  relativol.. 

■  short  suction  line,  the  increase  in  actual  systou  =1P  achieved  =7  using 


les.?.  is.  a  function 


'in  act-iai. 


:ystcn  COP  achieved  by  using  a 


'  ’.  .  -..-"I  /N  'cr-'h  ^"op '* t  -'it**  h ■^3ta.i.iatxon .  xne  lon^^er 

,,  liquid-vapor  heat  exenanger  -;-Odla  noo  >-.u.xxa:uX  ...  ...  -iw 

the  suction  lane  is  •;.n  an  operating  system,  t,:e  greater  .ue  h^ia.  .rc-ns-C. 

will  be  between  the  ambient  air  and  the.  vapor,  oth-.r  conditions  belnr:  con- 


..  X-  ,  .•••.  X.X  r  '.  x.‘"i cu"' d— va'oor  heat  t'Xcna4.gci'  cuococx 
stant.  Thereuore  t.-ie  a..).qu_u 

X  •  V.  Qf-.r.  -c  t'liP  le-'t’''  of  the  suction  lino  increases, 
■i'  the  liquid  refrigerant  xncr^'a.sex  at..  .,u  xe..,.- 

I  The  instauation  of  a  liquicl.vapor  heat  erohanver  to  u„croase  svston  OD?  , 


VI.  RB00M4ENMTI0MS 


Future  tfork  with  liquid-vapor  beat  exchangersjto  subcool  Refrigerant  12 
should  be  lisuted  to  systens  with  long  suctios  lines  amd  to  systems  where 
it  is  desired  to  increase  a  given  evaporator  capacity.  The  increase  in 
perfonance  that  can  be  obtained  by  installing  a  liouid-vapor  heat  exchanger 
in  a  system  with  a  long  suction  line  should  be  obtained. 

The  use  of  liquid- vaqwr  heat  exchangers  and  other  methods  of  subcooling 
liauid  refrigerant  to  increase  system  capacity  could  be  conpared.  This 
comparison  should  be  made  on  an  economic  basis  as  well  as  a  mechanical 
performance  basis. 


APmDIX  A 


SA;^IPI£  THEOrJiTICAL  CALCUIATIOIv 

Conditions  and  Assumptions  .  ■ 

"1.  -Vapor  compression  cycle  vmth  ejipansr'.on  val/e 
2.  -Refrigerant  12 

' r>  1  n  r* o  c  rivp ccniTvr*3  ss OX* 

3*  No  pressure  orops  xn  xxr.es,  evcips.u.  ^ 

•  folds  and  valves  . 

ii.  '-SatinrateG  vapor  leaving  evaporator 
-  ■  X -  ■  Saturated  liquid  leaving  .  condenser  '  Xppv-V'l' 

6.  Isentropic  compression  .  i-  .l- 

;P: --.■■' /'TP 

-P-  -.-  6.-:-/ 

'  For  a  cycle  vrith  a  liquid-vapor  heat  exchanger  set  tne  temperature  D_ 

the  liquid  leaving  the  heau  exchanger  c-o  r . 

p-:^.  s -26  psia  h-^rg  a  77-710  nua/lb  ■  h,  -p-, 

-  p  :=  no  psia  hii  =  hLcO=  , Btu/lb  •  ■  ■ 


tio  =Xo  F 


—  1.1  -27^  -^t u/ ib 


An  energy  balance  around  the.  heat  exchanger  fielcs:  ■  -  .  - 

h  ^  =  h  +  (h,  -  -  )  =  77v710  +  (28.055':  -  17.273)  =  ^  W 

-'Vo  "vx  '  '‘Ml  -  lo  •  .. 

hs  =  hvo  =  8S.U96  Etu/lb 

?vo  =  Fe  ”  Btu/lbOR  p/.v 

sd  =  s,  =  5.^-0  =  0.19003  Btu/lbOR  ^  =  110  psia 

h.  =  101-551  3tu/lb  ■  '  ' 

U  -  ;  ■■  ■  ■-:■■  -l  "  ••  •'■••h-..'.-  '•  r'l.  ’hM  ••u  u-h -hx; 


^LBX  =  ’^io  =  17-273  5tu/lb 


•  .  ton  h2.k2  -  i^LBx) 

'  /  Jf.  -  LWl.  -  1.0182  ho/ton 

■  ,  ■  ■_■_;■■.  ;,•■,  ■•  ■'■  ■ -.'  ■■.  ■■  i'v 

^or  SL  cycl^  v»  xi^lic  ji-t  2,  n.Gcit/  gxcIisii^si*  ^j.o  ~ 

■*^li  -  ^GO 

and  for  a  cycle  '.;• 

■jfitli  an  infinite  counterflow  heat  exchanger  t.,^ 

—  tf-* .:  • 

_ L 

,■  '  ■.  ■  ;■:•■  ■  ;h- 

for  Figures  1  and  2  are: 

'  ■  -  ,  '  ■  .  t-  '  -  '  .  ?.r’' 

'■  t,  CO? 

lo 

87.23  Ii.hUhh 

JP_ 

ton 

1.0370 

(no  heat  exchanger) 

80  ii-5p63 

1.03U6 

70  U.h693 

1.0316 

,  60  It. 3^51 

1.0231 

.  ■ 

;  \  50  '  k.6072 

1.0231 

1^0  h.629h 

1.0182 

::,  33.2h  U.6U67 

i.oiHi 

(Infinite  heat^^.  -  ^ 
exchanger) 

SS&i-SS^r^? 


APPENDIX  B 


EQUIBlEi^T  DBSCPJPTIOK  MI)  SPIiGIKEGA-TIONS 


I  .1  York 


Condensing  Unit  ^  ^ 

Maker:  York  Corporatioi:,  York.  Perinsylvania  . 

Type:  h22  rW 

HSpeedY;:;:375/rpn;;:/  ;  ■■' ■  ;  '  ,  .  '  '  ■  ■■  Y;- 

Fating  at  100  F  Condensing  Teiuperat'ore: 

■  ^  .  A,  i;890  Btu  per  hour  at  20  F  evaporator  temper^- uure 

b.  7900  Btu  per  houir  at  UO  F  evaporator  teEperature 
Maxiniura  condensing  pressure  13'-;  psig 

ptorYMp^  .  /3/Uhp..: 

rBore  Y  ,0  p/6  an.  - 

--'s+.-rokp  '  1  l/li  .in. , 


.•;Stroke ' 

Number  ox  cylinders 
;^ston  displacement  per  revolution 
'■Refrigerant  v}.  '-  ''Y-.  Y,, 

Normal  Refrigerant  charge 
Receiver  refrigerant  capacity 
Crank  case  oil" charge 
C>Dhtrol;  equipment: 

Condenser  Trater:  :  ,; 

Pressure  safety:  ' 


0.00732  cu.  ft. 
Freon — ^12 

7  lbs.'  ;  • 

UO  lbs. 

5  pints 


Penn  iile  ct  ri  c~Type  XILI 

Minneapolis-Honeywell-- : 
Type  L-i;13-l  ' 


Eyaiwra*tor: 

! '  ’  ^  ::i^„PriBar/  refrigerant  ealortaeter  (flooded  evaporator)  .  ' 

L  h fiat  trap <='f’er  factor  1.31p  Btu/lir— °F 

-.  Insulation— Yfood-coverec  corK,  neat  ora...-ei 

E^ansion  Valve:  ;  ^ 

Maker:  Detroit  Lubricator 

J  pi:  o:  i 

'i  Setting;  v+ 10°-  ;  superheat 

;  Heat  :  Exchanger  :  .  :  v 

Haker:  Heat  Exchanger  Gonpanr,  Incorporated,  iTefster,  Ket,  fork 


Model  Nuabe  r :  75“>- 


:V.'attiiieter£ 


Motor: 


j^a:por3A,ov  heater: 

Copper  constantan  thermocouple 
> Potentiometer — Leads  and  hortnrop 
/Bourdon^  gages  ; 

:.;r  f'/U^ exit: 

■  0. -0’  -  ‘.yppor  ■ "  pto  heat  .exchsng*-—  • 

;  v' v  Yapor  out  of  heat  exchanger - 
M  Suction: 

^;  ■  f  '  ’  Discharge: 

f-.iSercury  l^uometer 


0-2QC’0  Vi'atts 
0-30'00  ratts 


O-IOC  psig  .  •  ■  '.;  •  '  V- ;  u 

0-200  psig  0-30  in.  Hg  vacuum' 
0-200  psig  0-30  in.;  Kg  vacuim 
0-130  psig  0-30  in.  Hg  vacuum^ 
0-13Q  psig  0-30  in.  Hg  vacuum 
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.  APPEilDIX  D 


SAliPLE  ECPERIr^ENTAL  aiCULaTlON 


Run  number  2  is  used  Tor  an  e::anple. 
Assumptions  for'  calculations: 


-•  :  "  PE 

2-  ■P.f  Pc  ; 


■  3.  Heat  losses  from  the  calorir!ei.er  ar^  negligible. 

V'  =  29 . 829  ia .  %  =  ■  29 • 829  ( .U912 ) ,  psia  =  .lU .67  psia 

'  p_  =  p—,  =  23.03  ?sig  =  57.70  psia 

iJ,  XiE/  ■■  . 

^  tg  r  22.79  F 

■  ’ p  '=  p,  =  100.73  Dsig  r  lip- h2  psia 

.  tc  Z  9O.6U  ? 

V$AV  :  ;  ;  r  4*Z^=  1.80  hp/ton 

,  '“/EoH-'a  (GOP4  2763 

;  Q^  Z  3.1(13  ■%  =  3.1EL3  (1?05)  =  6300  3tu/hr 
^  -  typ  -  _  U1.3  -  31 -.4  r  Q.2l<2 


•  ^  t^  70.7'-  31. U 

i*!-  ' P  :  psig  =  36.85  psia 


+  -  'y.i  li  ^  h 


Pvd'  =  =  36.35  -  .21  -  26.61>  psia  t^^  z  Uu.3 


^li  = 


h-,.  =  27.1(6!-  Btu/lb 


tip  =  70,. '65  ■ 

(^hi  )he  =  (^li  “  ^lo^  - 


=  1.33ii  5tu/To 


||S’ ■■:  -;p^--=-37.70  psi^^^^^^  -^I£  ■=  7?. 573  Btu/lb 


',\ri  ;:.^.':;..v;,i^^:^';v^ 


'  h.CO‘=  ^c  90.6V  F  h^co  =  28.861i  Etu/lb 
|55:^om.;tte  of  €  =  _  Z. 


■b  -.  t  .  +  €  ('b-j.;:  - 
VO  ■  VI 


^-'•'  '  ■•■'t  '  r  22.79  +  .2U2(90.6U  -  22.79)  =  39.3.9  ? 


F?-':;''  p  :  o_  =  37.70'  V  =  32.178  Btv'lb  s,-„  =  0.17205  Btu/lb°E 


Ijr  ,;  ,’.s.-=;s’  =  s..  :  0.17205  BWlb^E  :  :;  Pfl  =  115.1.2  psia 


:r.h^  =  111.10 

around  heat  evcchan^er 

f,  •  Yu  -'(i^  -  h  .)  =  2S.86Ii  -  (82. 133  -  19.61  V)  -  26.331 

L.'.„.  '  "li'.  ^  VO  vx,' 

|■■^:■■■■•■..:.•;hLBx■=  ■''lo  “  26.331  3bu/lb 


ra/lb.;. 


1  «nA  .  XU  ■  ."  ,  ■  ' 

-V :  _  ^E3  -'^LBX_  =  79.673  :  -  2o»3oj^  _■  5,00 

j.;.  ;  •  CyOP;^.-  1^.  _  Yi..  '91.01:0  -:62.±3d  ... 

'  ■■■■■  -  ■  ’  "  ’■  =  0.767 


=  krJ2k,  = 

:•'■■■■  -■  ■  '  '■bon''T  COP 


.00 


i-  To  find  equivalent  length  of  pipe  for  p  across  the  heat  exchanser 


Ifc57  ■'■.h__  =  80.768  Btu/lb 

h  •=  2U.I89  3tu/lb 

'/■■■::LBX'”'"  . . . 


^77.  ■  /  iJJUA  -  •. 

|.t.  r  :,  .;,7^  i.7^j,ip{-WrT _ =  3JaxXi2Q3X 

(^  -  36.379  (60) 


=  1.92  Ib/inin 


-  ■■  v3:  -.  ■  =  ,v  at  36.7  psia  and  37 .9  ? 

••jt''-v.  ■••.•.  ;•:■■•  ■-  ..■0.0121  •TL'W'^Vj 

Pi-From' eauation  for  _  j-  ,  :vi 


■  0.0121fT.'2v 


avg 


l.-tj^pia  Fi^fe  6.6,  Sevems  and  r-ello’.TS  (li)  f=  0.02 

ll^cffijFirare  10.2,  Sevems  and  PelloTfs  (U)  d  = -0.343  in.  for  3/S  in. 


7; 


refrig-. 


[ '5;  eratl^n  tubing.  • 


mm 


'.oW 


:.  z;'.?}'./ r ; 


"J 


^ '.  .•*'  ■  ^  ! 

3-^n''S3j 


7i 


-33- 


SolTing  fcr  L  yields  L  =  11.5  Tt. 

The  calculations  for  runs  Viithout  a  heat  e;*:chan;;er  are  the  same  as 
this  sample  calculation  except  that  6=0.  For  rms  without  t-;e  heat 


exchanger  no  equivalent  pipe  length  L  v.-a?  calculated. 


APPENDIX  E 
TABLE  II 

TABULATED  RESULTS 


APrE'ILIX  r 


d  diameter 

f  friction  factor 

h  enthalpy 

L  equivalent  ler..;_th  if  pi;  e 

p  pressure 

<i_  evaoorator.  caoacitv 

s  entropy 

t  temperature  in  cejjrces  Fahrenheit 

V  specific  volume 

w  flow  rate 

W  Y.atts 

COP  coefficient  of  perfcraance 

3^^  horserxn/er  oer  ton 

ton 

finite  differ; ace 
€.  heat  exchanger  effectiveness 

SU3SC7JPTS 

A  actual  or  experimental 

b  baxometer 

> 

? 

^  c  conditions  in  condenser 

I 

I  d  discharge  frcm  compressor 

».  E  conditions  in  evaporator 

EE  evaporator  exit 


-4j2- 

H  calorimeter  heater 

he  heat  exchanger 

Md  liquid  refrigerant  before  exp;nsion  valve 
LOO  liquid  out  of  condenser 

li  liquid  into  heat  exchanger 

10  liquid  -.'ut  of  heet  excha;\'er 

11  compressor  motor 

s  suction  at  cor.pres?or 

i  theoretical 

vi  vapor  into  heat  exchanger 

vo  vapor  out  of  heat  exchanger 


\ 
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